A major drawback to research into the pathogenesis of staphylococcal infection is the difficulty of reproducing, in experimental animals, the most common staphylococcal infection, pyogenic infection of the skin and underlying tissues. Experimental skin infections can be induced by injecting staphylococci along with plugs of cotton dust (Noble, 1965) and this procedure has proved useful and has been used in several studies (Agarwal, 1967a, b, c; Hill, 1968; Easmon and Glynn, 1975a, b). Newborn mice have also been used in studies of the mechanism of pathogenesis of the staphylococcal scalded-skin syndrome (SSSS) an extensive skin disease of children, caused mainly by Staphylococcus auras strains of phage group I1 (Melish and Glasgow, 1970; Arbuthnott et al., 1971) .
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Wood 46 strain originally isolated from an infected burn (NCTC 7121) Coagulase-negative strain from a urinary-tract infection From a knee abscess of a one-year-old child From a sputum of a 2-year-old child with cystic fibrosis From conjunctiva of a 21-year-old woman with pyoderma gangrenosum BB strain originally isolated from bovine mastitis (Wellcome Research Laboratories, Beckenham, Kent) . From a hospital outbreak in Australia, 1955 (NCTC 9789) supernates were prepared by freezing (-10°C) and thawing, and centrifuging the resultant slurry at 8000 g for 10 min. The haemolytic activity of the supernates was assayed according to the method of Arbuthnott et al. (1969) . Production of a-toxin was confirmed by the a-antitoxin neutralisation test described by Arbuthnott et al. (1969) . Exoenzyme production. Coagulase was assayed by the tube test : 0.2 ml of an overnight broth culture of each strain was incubated with 0.4 ml of fresh citrated rabbit plasma (diluted times five in 0 . 1~ boric acid-borax bufferpH 7.4)and 0-2 mlof borate buffer. Assay tubes were checked every 30 min. for up to 8 h for the formation of a fibrin clot. Fibrinolysin was detected by growing the strains for 17-22 h at 37°C on nutrient-agar plates containing inactivated human plasma (12 % v/v). Cultures showing zones of clearing around streaks of growth were recorded as positive. Deoxyribonuclease (DNAase) was detected by growing the strains on DNAase Test Agar (Difco) for 2448 h at 37°C. Gelatinase, lipase (tributyrinase) and egg-yolk factor were assayed according to the methods of Arbuthnott et al. (1969) . Leucocidin production. Each strain was inoculated into 50 ml of modified CCY medium Van Heyningen, 1957, as modified by Woodin, 1959) in flanged Ehrlenmeyer flasks. These were incubated at 37°C for 12 h in an orbital shaking incubator (100 cycles per min.). After centrifugation at 8OOOg for 10 min. at 4°C the supernates were collected and tested for leucocidal activity by the microscopical method as described by Gladstone et al.
(1962) with the following minor modifications: glassware was cleaned in a 5 % (vlv) solution of Decon 90 (Decon Laboratories, Brighton) in hot tap water and rinsed ten times in cold tap water with a final rinse in distilled water. Slides and coverslips were kept in 70% (v/v) alcohol. Leucocytes were prepared from fresh human blood (from a finger prick) collected into an equal volume of Hanks's Basal Salt Solution p H 7-0 at 0°C on ice. A drop of the diluted blood was placed on a coverslip and incubated in a moist chamber at 37°C for 15-30 min. The formed clot was removed gently with fine forceps and residual erythrocytes were removed with a warm sterile solution of gelatin (0.5% w/v) in saline. Under these conditions leucocytes adhered to the coverslips which were then used for the assay of leucocidal activity in CCY supernates. Cells were examined for cytological damage after exposure to dilutions of the CCY culture supernates. Culture supernates of S. aureus strain V8, a potent leucocidin-producing strain, were included as positive controls.
Protein A. This surface protein was demonstrated by the fluorescent antibody test (FAT) as described by Lind (1968) . A crude rglobulin preparation obtained from pooled human serum was labelled with fluorescein isothiocyanate (FITC) at a dye-to-protein ratio of 1 : 20. Heat-fixed smears of the staphylococcal strains were made from overnight broth cultures. The FITC-labelled conjugate, diluted tenfold, was applied to the smears which were then incubated for 15-20 min. in a moist chamber in the dark. After thorough rinsing in distilled water the smears were examined by flourescence microscopy. A brilliant yellow-green fluorescence uniformly covering the surface of each cell was recorded as a positive result. A known positive strain (S. aureus Cowan I) and negative strain (S. aureus Wood 46) were included as controls.
Mice. The CD-1 random-bred Albino strain (Charles Rivers UK Ltd, Kent) was used for the work reported in this paper. However, two other outbred strains (Theilers and CFLP mice) have been found to show similar responses. Accurate birth-dating of the mice was maintained by checking pregnant animals near the end of gestation for the presence of litters at 9.30 a.m. and again at 5.30 p.m. each day. Litters born during this time were recorded and only these were used in experiments that required accurately aged neonates. Litters, generally limited to 12 newborn animals, were housed individually with their lactating mothers. Weanling mice, 21 days old, were maintained in groups of 10 animals per cage.
Challenge procedures. Before injection, mice older than seven days were depilated with cosmetic cream (Buto). Weanling mice required shaving with small hand clippers before depilation. The frozen suspensions of staphylococci of known viability were thawed and diluted to contain the appropriate challenge dose per 0.05ml. The viable count of each challenge inoculum was measured in each experiment. In the initial experiments three agegroups of mice were used: 3-day old, 10-day old and 21-day old. Groups of mice were challenged with staphylococci subcutaneously along the dorsal midline (20 mice per agegroup per dose).
Assessment of virulence. Mice were examined at least twice daily and more often in the case of newborn animals. At least one control mouse, given an injection of peptone water, was included in each litter. Survival of such control animals allowed us to assess whether the mother continued to suckle the young. In the few instances in which control animals died this was taken to indicate that the mother was no longer suckling the young and such groups were not included in the results. Death and the development of lesions were recorded. No attempt was made to develop a system of scoring lesions.
RESULTS
Toxin and enzyme patterns of the strains
The production of extracellular toxins and enzymes and protein A by the six strains is shown in table 11. The coagulase-negative strain SM6 produced only lipase and a trace of gelatinase. Strain SM9 was coagulase positive, nontoxinogenic and non-proteolytic. The other strains showed varied toxin/ enzyme patterns.
Virulence of the strains for 3-day, IO-day and 21-day-old mice
The virulence of the strains in terms of lethality and lesion production in mice of three ages is shown in table 111. S. aureus strain PS80 was included for comparison as a known mouse-virulent strain of human origin. Results are shown for challenge doses of 104 and 106 colony-forming units (c.f.u.). A higher challenge dose of 108 c.f.u. of each strain killed all 3-day-old mice and, with the exception of strain SM6, gave high mortality rates in 10-day-old mice and 21-day-old mice. Lesions, which were superficial, were of two types. Type-1 lesions were localised abscesses in which pus formation was visible by 48 h after challenge; occasionally there was a central area of necrosis. Type-2 lesions were diffuse and necrotic and had typically a dark purple or grey appearance. If animals with the latter type of lesion survived the infection, pus formed centrally by 72 h after injection. Type-1 lesions were produced by strain SM9 while type-2 lesions were produced by strains SM1, SM10, SM14 and SM15. The severity of either type of lesion differed with the age of the animal and with the dose. Strain SM9 was unique amongst the strains tested in that it did not produce haemolysins and produced non-necrotic type-1 lesions at low challenge doses. Table I11 illustrates marked differences in virulence among the six strains of staphylococcus. Strain SM 1 was relatively virulent for the 3-day-old animals although it has been reported previously to be mouse non-virulent (Agarwal, 19673; Easmon and Glynn, 1975a) . The coagulase-negative strain SM6 was least virulent because it had no effect at 106 or 104 c.f.u. in any of the three age groups. It cannot be considered avirulent, however, for at the higher dose of 108 c.f.u. it produced very mild lesions (type 1) in 10-day-old mice and proved lethal for neonates. It is notable that strains SM9 and SMlO were of similar virulence not only in terms of lethal effect but also in the numbers of surviving mice that developed lesions, although these lesions were of the two different types described (abscess-type and necrotic-type, respectively). Strains SM 14 and SM 15 showed high mouse virulence, in agreement with previous reports of /?-toxinogenic strains (Anderson, 1971 (Anderson, , 1974 Chesbro, Taylor and Smith, 1972) . ? at 5 days after challenge.
Age-related susceptibility to challenge with strains SM9 and SMlO
Mice, newborn to 10 days old, were challenged with 107 c.f.u. of strains SM9 and SM10. Results (table IV) showed that susceptibility to the potentially lethal challenge of 107 c.f.u. of either of these strains began to decrease in mice aged 4 days or more at the time of challenge.
DISCUSSION
Adult laboratory animals have a high natural resistance to staphylococcal infection. Very high doses of viable organisms, of the order of 109 c.f.u., are required to establish superficial lesions in adult mice by the subcutaneous route. Smaller numbers of organisms can cause lesions if simultaneously injected with cotton dust (Noble, 1965) and some other agents. Our results show that younger mice and in particular newborn animals are much more susceptible to subcutaneous staphylococcal infection. Relatively low doses (104 c.f.u.) of some strains of S. aureus caused lesions in 3-day-old and in 10-day-old mice. This age-related susceptibility was not peculiar to the CD strain of mice; Theilers and CFLP strains responded in a similar manner. Age-related susceptibility to many experimental viral infections in mice is well documented (Sigel, 1952; Reinarz, Broome and Sagik, 1971 ; Hirsch et al., 1972) . However, apart from studies with epidermolytic strains of S. aureus and a study of the virulence of S. epidermidis for neonatal mice (Namavar, de Graaff and Verhoef, 1976) to our knowledge there is no such age-related study for subcutaneous infection in mice.
Our detailed study with the two strains SM9 and SMlO showed that mice developed marked resistance to challenge with 107 c.f.u. by 5-7 days of age.
However, we stress again that the surviving animals all developed lesions, strain SM9 producing abscesses and strain SM 10 producing necrotic lesions. Tissue necrosis has been shown to be associated with toxins (a and 6) locally in skin and in deeper tissues (Foster, 1967; Anderson, 1974; Takeuchi and Suto, 1970; van der Vijver et al., 1975) . Our findings support this evidence because strain SMlO is a potent or-toxin producer in vitro while strain SM9 is not. A further comparative study of the behaviour of these two strains in vivo has been undertaken and will be reported elsewhere.
The patients most at risk to serious staphylococcal infections, apart from the very young, are the immunologically compromised. Human disease conditions in which recurrent staphylococcal infections are characteristic have established that among the most important immune factors are competent phagocytic cells, i.e. macrophages and polymorphonuclear leucocytes, and their response to chemotactic and phagocytic stimuli (Quie et al., 1976) . For us to understand the pathogenic mechanisms of S. aureus it is becoming more and more evident that we must understand also the immunological responses of the host in terms of innate and specific immunity. In view of the very wide array of diseases caused by these, responses must depend on many factors. For a long time investigations of the pathogenicity and virulence of S. aureus have concentrated on the organism and the many toxins and enzymes it can produce. With two exceptions, epidermolytic toxin and enterotoxin, no single toxin or enzyme can be allotted a specific role in virulence. Another approach would be to establish a reproducible infection in a laboratory animal and study effects of various elements of immunity on this infection. Easmon and Glynn have undertaken such a study, using adult mice and subcutaneous infection with staphylococci on cotton dust. They have examined the effect of humoral and cell-mediated immunity (Easmon and Glynn, 1975a, b) and the effect of complement (Easmon and Glynn, 1976a) . For the most part they have used adult mice depleted of various immune functions by such means as cyclophosphamide, anti-thymocyte serum, zymosan and cobra-venom factor. As the authors point out in a review chapter (Easmon and Glynn, 1976b ) " care must be taken in the use and interpretation of results obtained with a cytotoxic agent such as cyclophosphamide ".
The neonatal mouse, which is obviously immunologically immature, could be characterised immunologically. The effects of transferring mature adult elements of immunity-macrophages, lymphocytes, serum-on the responses to experimental staphylococcal infection in newborn animals could be monitored, and this might obviate the need to use cytotoxic agents in such investigations.
SUMMARY
The virulence of six strains of staphylococci in experimental subcutaneous infection in mice of three age groups (3, 10 and 21 days) was studied. The results showed an age-related susceptibility to infection, in that the newborn mice were more susceptible than older mice to death and lesion formation. Resistance, i.e., ability to survive challenge of 107 c.f.u., developed at about 5 days. The strains used varied in toxin and enzyme pattern and there were marked differences in response to challenge as measured by mortality and lesion development. The Staphylococcus epidermidis strain was least virulent, while some strains of S. aureus produced lesions at low doses (104 c.f.u.). Two distinct types of lesion were observed, abscesses and necrotic lesions. Development of necrotic lesions appeared to be correlated with the ability to produce toxin in vitro.
